Background: We lack a comprehensive assessment of the risks and benefits of calorie restriction in older adults at high risk for cardiometabolic disease. Calorie restriction may reduce visceral adipose tissue (VAT) but also have negative effects on lean mass and quality of life. Methods: We conducted a 52-week, randomized controlled trial involving 164 older adults with obesity taking at least one medication for hyperlipidemia, hypertension, or diabetes. Interventions included an exercise intervention alone (Exercise), or with diet modification and body weight maintenance (Maintenance), or with diet modification and energy restriction (Weight Loss). The primary outcome was change in VAT at 12 months. Secondary outcomes included cardiometabolic risk factors, functional status, and quality of life. Results: A total of 148 participants had measured weight at 12 months. Despite loss of −1.6% ± 0.3% body fat and 4.1% ± 0.7% initial body weight, Weight Loss did not have statistically greater loss of VAT (−192.6 ± 185.2 cm 3 ) or lean mass (−0.4 ± 0.3 kg) compared with Exercise (VAT = −21.9 ± 173.7 cm 3 ; lean mass = 0.3 ± 0.3 kg). Quality of life improved in all groups with no differences between groups. No significant changes in physical function were observed. Weight Loss had significantly greater improvements in blood glucose (−8.3 ± 3.6 mg/dL, p < .05) and HDL-cholesterol (5.3 ± 1.9, p < .01) compared with Exercise. There were no group differences in the frequency of adverse events. Conclusions: While moderate calorie restriction did not significantly decrease VAT in older adults at high risk for cardiometabolic disease, it did reduce total body fat and cardiometabolic risk factors without significantly more adverse events and lean mass loss.
In 2010, there were an estimated 40 million adults aged 65+ representing 13% of the U.S. population; and more than a third were obese (1, 2) . By 2030, older adults will comprise 20% of the population; and those who reach age 65 have a life expectancy that exceeds 15 years-most of which will be spent in relative good health (1) . Despite increased longevity, many older adults experience hypertension, diabetes, arthritis, heart disease, and cancer and physical functional limitations that are associated with obesity (1) . Weight loss or changes in diet quality/composition may reduce chronic disease in older adults, but few studies have addressed this hypothesis.
Part of the reason few studies have focused on older adults is the concern that weight loss may be harmful. In 2005, the American Society for Nutrition and The Obesity Society issued a joint Position Statement (3) concluding that appropriate treatment for obesity in older persons was "controversial" due to among other things, potential harmful effects on lean mass such as muscle and bone. By 2013, the latest Guidelines for the Management of Overweight and Obesity in Adults (4) similarly concluded that the safety of weight loss for those aged 65 and older remained "controversial" for many of the same reasons.
There is some evidence of the effect of lifestyle interventions, including dietary changes, exercise, and behavioral counseling, in older adults with obesity (5-10), but it is limited. Only nine randomized controlled trials comparing exercise alone and exercise with a calorie-restricted diet have been conducted in samples of adults with a mean age ≥ 65 years (11) (12) (13) (14) (15) (16) (17) (18) . Only three of these targeted older adults with cardiometabolic risk (defined as risk of developing atherosclerotic cardiovascular disease or diabetes as a consequence of underlying insulin resistance) (14, 16, 18) ; two of these had sample sizes less than 25 (16, 18) and in the third (14) cardiometabolic outcomes (ie, plasma CRP and IL-6) were collected, but group differences were not reported. Furthermore, these studies did not isolate the effect of calorie restriction from changes in diet composition alone, a strategy that may improve the overall cardiometabolic risk profile while avoiding some of the potential risk associated with calorie restriction.
Given these gaps in knowledge, the goal of the Calorie Restriction in Overweight SeniorS: Response of Older Adults to a Dieting Study (CROSSROADS) was to conduct a prospective randomized controlled trial to compare the effects of changing diet composition with and without intentional weight loss (ie, calorie restriction) over 12 months on changes in body composition and adipose tissue distribution, cardiometabolic disease risk, and functional status and quality of life in adults aged 65 and older who were at risk for cardiometabolic disease due to obesity and associated risk factors. Our primary hypothesis was there would be a 10% difference in visceral adipose tissue (VAT) after 12 months of a weight-reducing diet compared with an exercise-only control intervention. Additionally, we hypothesized that there would be a similar difference in VAT after 12 months of an intervention that improved diet quality but was weight stable compared with an exercise-only control intervention.
Methods
The study was conducted between May 20, 2009 and October 1, 2014 at the University of Alabama at Birmingham (UAB). The research protocol was approved by the Institutional Review Board at the UAB and all participants gave written informed consent. The study had an external Data Safety Monitor. Additionally, CROSSROADS has been registered in ClinicalTrials.gov (Registration Number Identifier: NCT00955903). A comprehensive description of the methodology following recommendations of the CONSORT Statement for reporting of randomized controlled trials has been published previously (19) .
Participants
Volunteers were recruited from the greater Birmingham-Hoover, Alabama metropolitan area, using various forms of advertisement and word-of-mouth recruitment techniques. Potential participants had to be at least 65 years old; be weight stable and obese (body mass index of 30-40 kg/m 2 ); and prescribed at least one oral medication for control of lipids, blood pressure, and/or blood glucose, resulting in adequate control of the risk factor (eg, blood pressure < 160/100 mm Hg). Volunteers were excluded from participation during a series of one telephone and three in-person screening visits if they had significant medical, psychiatric, or physical limitations that would prevent adoption of the lifestyle recommendations or ongoing treatments that would independently affect body weight and composition (19) .
Randomization
Following completion of baseline testing, participants were randomly assigned to one of three groups: Exercise Only (Exercise), Exercise + Diet Quality + Weight Maintenance (Maintenance), or Exercise + Diet Quality + Weight Loss (Weight Loss). The statistician generated blocked random assignments using a computer-based algorithm, stratified by age category (65-74, 75+), sex, and race. Allocations were concealed in sealed envelopes that were opened by a research assistant at the time of randomization. Because this was a behavioral intervention study, it was not possible for participants or all study personnel to be blinded to group assignment. However, study personnel involved in data collection were blinded to group assignments.
Description of the Intervention
The basis for the intervention was a behavioral lifestyle modification program that provided group-based counseling and healthy recommendations to improve physical activity in all groups, diet quality in the Maintenance group, and diet quality and body weight in the Weight Loss group. Because standard lifestyle interventions would generally include exercise prescriptions, the recommendations for exercise were consistent across all groups and included 90-150 min/ wk of moderate to vigorous cardio-aerobic exercise such as walking based on monitoring their heart rate (20) . Participants also received a written program to guide participation in two sessions/ week of resistance training using resistance bands focused on major muscle groups of the extremities. The Exercise group served as a control, allowing for isolation of the effects of dietary changes and calorie restriction on body composition and physical function. Both the Maintenance group and the Weight Loss group received recommendations for improving diet composition by increasing consumption of low-energy dense fruits, vegetables, lean protein, and whole grains with a targeted macronutrient intake pattern of 25% of calories from protein, 47% from carbohydrates, and 28% from fat. In addition to recommended changes in diet composition, the Weight Loss group had a primary goal to reduce caloric intake by 500 kcal/d below estimated total energy needs based on measured resting energy expenditure, with a minimum intake of 1,000 kcal/d. Dietary intake was monitored with three 24-hour dietary recalls, including one weekend day, via the multiple pass approach at each time point. All groups received behavioral group counseling weekly for the first 24 weeks of the intervention, then every 2 weeks for the remainder of the 12-month intervention, to provide a high-frequency contact intervention consistent with obesity treatment guidelines (4) . Each session that took place in our research facility lasted 60 minutes and included 30 minutes of group discussion related to a dietary, exercise, or behavioral topic, followed by 30 minutes of supervised exercise using resistance band exercises. All remaining exercise was unsupervised, and participants self-reported exercise using written diaries.
Outcome Measures
Blinded study personnel assessed outcome measures at baseline, 6 months, and 12 months, except for magnetic resonance imaging (MRI), which was completed at baseline and 12 months.
Detailed methodology has been previously published (19) ; key measures are briefly described here. Body weight was measured in light clothing on calibrated electronic scales to the nearest 0.1 pound and converted to kilograms. The primary study outcome was change in VAT at 1 year measured by MRI on a 3-Tesla Philips Achieva system using previously described techniques (19) . Other MRI body composition outcomes of interest included abdominal subcutaneous adipose tissue (SAT), thigh skeletal muscle, and thigh SAT volumes. Fat and lean mass (total, trunk, and appendicular) and bone mineral density at the lumbar spine were measured with dual-energy X-ray absorptiometry (DXA) using a Lunar DPX-L densitometer using the body composition Adult Software Version 1.33 (Lunar Corp).
We assessed biomarkers of cardiometabolic disease risk factors using fasting blood samples, including: glucose, insulin, lipids, and highly sensitive CRP (assessed by turbidometric methodology with reagents obtained from Pointe Scientific, Canton, MI) using a SIRRIS analyzer (Stanbio Laboratory, Boerne, TX); leptin and adiponectin (assessed by RIA reagents and radioimmunoassay, respectively, by Millipore, St. Charles, MO); and TNF-α and IL-6, both using electrochemiluminscence (Meso Scale Discovery, Rockville, MD). Blood pressure was measured by trained research staff using automated blood pressure devices (Omron HEM 907-XL) in duplicates measured 30 seconds apart then averaged. All prescription medications were recorded and categorized based on indication for diabetes, hypertension, or hyperlipidemia.
We assessed functional status using the UAB LifeSpace Assessment (21), 6-minute walk test (22), Short Physical Performance Battery (SPPB) (23), measurements of hand grip and knee extension strength, and chair sit and reach test (24) . We assessed quality of life (QOL) generically and specifically using the SF-36v2 (25) and the Impact of Weight on Quality of Life-Lite (IWQOL-Lite) (26, 27) , respectively.
Adverse Event Monitoring
We wanted to assess the full range of adverse events and symptoms reported by this group of older adults engaged in behavioral lifestyle interventions. Participants were interviewed at baseline for signs and symptoms and then screened every 3 months for any adverse medical events, signs, or symptoms of any nature. Additionally, participants self-reported any of these throughout the study.
Data Analyses
The prespecified comparisons of interests included Exercise versus Weight Loss, Exercise versus Maintenance, and Maintenance versus Weight Loss. We expected to be able to detect a 10% difference in VAT change between Weight Loss and Exercise and Weight Loss and Maintenance with 80% power to detect a change of 0.60 SD units with a retained sample size of 48 participants per group at follow-up.
This was an intention-to-treat study. All analyses, unless otherwise specified, include all randomized cases. The statistical analyses were conducted using SAS software (version 9.3, SAS Institute Inc., Cary, NC). Prior to testing the specific aims, descriptive statistics were used to characterize the sample. For each outcome variable, baseline means and standard deviations were calculated. Groups were compared using the chi-square tests and analysis of variance to determine whether baseline differences between groups existed post-randomization. We used a multiple imputation strategy using PROC MI and PROC MIANALYZE in SAS to create eight data sets to impute missing data at 6 and 12 months because it makes use of the broad array of data available to produce unbiased parameter estimates (28, 29) . To evaluate our hypotheses, differences between intervention groups were calculated using multiple linear regression and differences within groups were calculated using generalized linear models. Both sets of analyses adjusted for the baseline value of the outcome measure, age, race, and sex and for category of medication when the related risk factor was the outcome (eg, diabetes medications for blood glucose; antihypertensives for blood pressure; anti-lipid medications for lipids). Results using the multiple imputation strategy showed consistency with a completers analysis.
Results

Study Population
We randomized 164 eligible participants (see Figure 1) ; 148 participants (90.2%) had measured weight at 12 months (see Table 1 for baseline characteristics). At baseline, 156 were able to complete MRI scans for our primary body composition outcome; 133 of these individuals (81.1% of total randomized, 85.2% of those with baseline MRI scans) completed MRI scans at 12 months. Flow diagram of study participants throughout CROSSROADS trial. *Immediately following randomization and prior to receipt of intervention, three participants were diagnosed with cancer. Because cancer is an exclusion criterion and because we believe these participants very likely had undiagnosed cancer at the time of randomization, in the spirit of a controlled randomized trial and intention-to-treat, we do not include these three persons in any of our analyses. *Lost to follow-up and withdrew indicate those individuals for whom 12-month follow-up data were not collected. Table 1 ).
Indications That the Intervention Targets Were Achieved
The Weight Loss group had a significant weight loss at 6 months and maintained a weight loss of 4.1% ± 0.7% of initial body weight through 12 months (see Figure 2) . The Maintenance and Exercise groups did not have significant weight changes at 6 or 12 months. Compared with those in the Maintenance group, participants in the Weight Loss group had a 2.4 ± 0.7 kg (p < .001) and 3.0 ± 0.9 kg (p < .01) greater weight loss at 6 and 12 months, respectively. Compared with those in the Exercise group, participants in the Weight Loss group had a 2.6 ± 0.7 kg (p < .001) and 2.5 ± 0.9 kg (p < .01) greater weight loss at 6 and 12 months, respectively (Supplementary Table 1; Table 2 ). No statistically significant differences were observed between the Maintenance and Exercise groups.
Symptoms and Adverse Events
The frequency of adverse events and reported symptoms was similar between all treatment groups (Supplementary Table 3 ). In the overall study sample, 70.7% of participants reported symptoms and adverse events for a total of 256 events. Thirty-one of those events (12.1%) were classified as serious adverse events. Ten events were definitely related to the study interventions and protocol (3.9% of all adverse events), being primarily musculoskeletal injuries that occurred during study prescribed exercise.
Body Composition Outcomes
The Weight Loss group was the only treatment group to have significant within-group changes in fat mass measured by DXA when adjusted for baseline values and covariates at 6 (−2.6 ± 0.5 kg, p < .001; Supplementary Table 1 ) and 12 months (−2.66 ± 0.5 kg, p < .001; Table 2 ). The Weight Loss group's changes in fat mass were significantly greater than the changes seen in the Exercise (−1.8 ± 0.7 kg, p < .05) and Maintenance (−2.1 ± 0.7 kg, p < .01) groups at 12 months (Figure 3) . At 12 months, this corresponded to a 0.9% ± 0.4% (p < .05) and 1.3% ± 0.4% (p < .01) difference in body fat percentage for those in Weight Loss compared with Exercise and Maintenance, respectively. Truncal body fat percentages were significantly different at 12 months for Weight Loss compared with Exercise (−1.2% ± 0.5%, p < .05) and Maintenance (−1.8% ± 0.5%, p < .01). In contrast to the differences in fat mass, there were no statistically significant changes in total lean mass or lumbar bone density for any of the groups when adjusting for baseline and covariates, and there were no statistically significant differences between treatment groups.
The Weight Loss group had significant changes in abdominal SAT by MRI but changes in VAT were nonsignificant. Similarly, the Maintenance group had notable decreases in the volume of abdominal SAT and VAT, being the only group to have significant changes in total abdominal fat volume (SAT + VAT) at 12 months Plus-minus values are means ± SDs. All demographic information was based upon self-report. There were no statistically significant differences between the groups (p < .05). (−555.8 ± 272.3 cm 3 , p < .05; Figure 3 ). The Exercise group also had decreases in abdominal SAT, but the magnitude of change in the VAT volume was 8%-11% of the volume change in the other treatment groups. However, contrasts between the groups for each depot volume were nonsignificant (Table 2) . Fully adjusted models of change in MRI thigh skeletal muscle volume showed a decrease in the Weight Loss group and slight increases in the Maintenance and Exercise groups; however, the within-group changes and differences between groups were not statistically significant.
Cardiometabolic Risk Factors
At 6 months, the Weight Loss group had a significant decrease in triglycerides, and this decrease was statistically significant when compared with Exercise (−22.7 ± 9.4 mg/dL, p < .05; Supplementary Table 1) . At 6 months, at least one marker of inflammation, hsCRP, was showing signs of increasing in the Exercise group while decreasing in the Maintenance group.
At 12 months, compared with Exercise, the Weight Loss group had significant changes in fasting blood glucose (−8.3 ± 3.6 mg/dL, p < .05) and HDL-cholesterol (5.3 ± 1.9, p < .01; Table 2 ). Triglycerides remained lower than baseline, but changes at 12 months were no longer statistically significant for the Weight Loss group. For the Maintenance group, total and LDL-cholesterol decreased significantly (Supplementary Table 2 ).
The Weight Loss group had an increase in adiponectin that lost statistical significance after full adjustment; however, the change at 12 months in adiponectin was statistically greater than Exercise (Supplementary Table 2 ). At 12 months, there were small, statistically nonsignificant decreases in the inflammatory markers TNF-α, IL-6, and hsCRP in the Weight Loss and Maintenance conditions; the difference in TNF-α change was statistically different between Exercise and Weight Loss.
Physical Function
There were no statistically significant within-group changes in the SPPB total score, our primary measure of physical function, for any of the groups (Table 2 ). There were also no statistically significant differences between groups for the SPPB total score. At 12 months, isometric knee extension strength, hand grip, 6-minute walk, and chair sit and reach showed no differences overall by treatment assignment (Supplementary Table 2 ).
Quality of Life
Quality of life measured by the SF-36v2 demonstrated significant improvements only in the physical function domains within the Maintenance group (Table 2 ). All domains of the IWQOL demonstrated significant within-group improvements for all groups, with the self-esteem domain showing statistically greater improvement in the Exercise and Weight Loss groups compared with Maintenance (Supplementary Table 2 ).
Discussion
The CROSSROADS trial was designed to isolate the effect of caloric restriction for intentional weight loss from changes in diet quality and/or exercise among obese older adults with at least one cardiometabolic risk factor. At the end of the 12-month intervention, the Weight Loss group had significant decreases in body weight, primarily due to decreases in body fat. Conversely, lean mass changes in all groups were minimal. Improvements in blood glucose and HDLcholesterol were significantly greater in the Weight Loss group. Furthermore, calorie restriction had minimal impact on physical function but improved quality of life similar to the other groups. In summary, these data suggest that moderate calorie restriction in this group of high-risk older adults did not selectively decrease VAT more than the other interventions but did lead to favorable improvements in total body composition, cardiometabolic risk, and quality of life without diminishing physical function or increasing the risk of adverse events.
This study provides a unique perspective on the question: "Is intentional weight loss beneficial and safe for older adults with obesity and associated comorbidities?" If intentional weight loss is potentially harmful for older adults, the alternative lifestyle modification options would include increasing exercise and/or improving diet quality. The CROSSROADS study design allowed us to understand some of the differential responses to calorie restriction in the setting of an otherwise comprehensive lifestyle intervention. Each treatment group experienced some benefits, such as improvements in self-reported quality of life, as a result of participating in the behavioral interventions in a group setting. However, there were clear benefits for the addition of calorie restriction to the prescription of increased exercise and changes in diet composition. These findings are consistent with other recent reports of weight loss interventions in older adults where significant improvements in risk factors are only observed when exercise is combined with diet-induced weight loss (17, 30) .
Changes in body composition, particularly fat mass, are likely markers for downstream changes in cardiometabolic risk factors (31) . One study of weight loss plus exercise compared with exercise alone in older adults showed that reductions in fat mass and/ or total body weight were associated with significant improvements in diastolic blood pressure, glucose, insulin, HDL-cholesterol, and triglycerides (32) . In CROSSROADS, all treatment groups had some reduction in abdominal adipose tissue volume assessed by MRI. However, only the Maintenance group had significant within-group decreases in total abdominal adipose tissue volume. The cumulative changes in abdominal subcutaneous and VAT depots for the Maintenance group that did not have energy restriction requires additional study, as we might hypothesize this as a potential mechanism for how isocaloric changes in diet composition lead to improvements in cardiometabolic risk factors. Previous feeding studies like the DASH trial or the Omni-Heart trial have demonstrated the impact of altering diet pattern in populations with younger samples (33, 34) . However, to see a broader array of improvements in risk factors and changes in adipokines or markers of inflammation, our data suggest that the addition of calorie restriction is advantageous.
There have been nine randomized controlled studies conducted that have used a lifestyle intervention similar to that used in our study that targeted older adults (6) . It is difficult to make comparisons with our study primarily because the populations targeted were different (eg, frail and sedentary, osteoarthritis, cardiometabolic disease), the primary outcomes were different, and the interventions varied according to precise components and duration. All studies demonstrated weight loss of between 5% and 10%, which was more than experienced in our study, and may be due to our less intensive intervention. This lower weight loss compared with other studies may also help to explain nonsignificant findings of our primary outcome of VAT.
To provide a broad assessment of the net benefit of intentional weight loss, we were also interested in understanding the impact of calorie restriction on safety and adverse outcomes. Older adults, who may be prone to falls or other traumatic injuries, have traditionally been considered to be at high risk of adverse outcomes when engaging in intentional weight loss. For many clinicians there has been a hesitancy to recommend intentional weight loss to older patients because of these risks and concerns that additional loss of lean mass would worsen physical function, thereby diminishing any potential benefit gained by losing weight. The data from this trial suggest that moderate calorie restriction does not increase the risk of adverse events above that associated with a recommendation for healthy exercise. In addition, the loss of lean mass was generally limited and not associated with any declines in physical function; conversely, quality of life in the weight loss group improved similarly to those who engaged in exercise only or weight maintenance.
The limitations of the CROSSROADS trial should be considered when placing the results into the context of clinical practice and future research efforts. While this study was based in a community setting, it was conducted by trained clinicians with specific expertise in behavioral interventions for lifestyle modification. As such, the outcomes achieved with this intervention in a different setting or with different providers may not be the same. However, because we did not provide participants with food or meal replacements or provide a large number of supervised exercise sessions, the amount of weight loss achieved is not so large that it is outside of the scope of most nonspecialist providers or community-based programs to achieve in a similar patient population. Perhaps as a result of this approach to the intervention, the participants lost approximately 4% of their body weight, and this may not have been enough to lead to larger changes in outcomes like VAT or physical function. It is also the case that based upon self-reported caloric intake that participants may not have achieved the 500 kcal/d that was desired and necessary to cause weight loss. Another limitation of this study is that the population of participants had high levels of physical function at baseline. As such, the true impact of weight reduction or the other interventions on physical function may be limited due to a ceiling effect. Other studies that focused on lower functioning older adults have shown larger effects on physical function compared with those we observed in CROSSROADS, albeit with more intensive exercise intervention strategies (12, 17) . Lastly, we accounted for medication usage, but we may not have been able to completely measure the potential effect modification on body composition or other outcomes of interest.
In conclusion, our data suggest that modest weight loss in older adults at high risk for cardiometabolic disease is beneficial for several key outcomes, and these benefits appear to outweigh the potential risks of losing weight intentionally in older adulthood. While participating in an intervention to improve exercise levels or dietary intake patterns had measureable benefits, the addition of a calorierestricted diet was necessary to significantly decrease total fat mass and improve some key risk factors. The addition of the modest calorie restriction improved the overall benefit achieved without any evidence of increased risk due to loss of lean mass, increased adverse events, or negative effects on quality of life. When combined with prior evidence demonstrating positive benefits of weight reduction in older adults (8), we believe this study provides a compelling evidence base to support recommendations for intentional weight loss in older adults with obesity and associated risk factors. Future studies are warranted that evaluate the long-term impact of these interventions and more intensive levels of calorie restriction and exercise that might produce greater volumes of weight loss with potentially different outcomes than those observed in CROSSROADS. Additionally, evaluation of other diets that demonstrate selective loss of visceral fat and preservation of lean mass underweight maintenance conditions is warranted (35) .
Supplementary Material
Supplementary data is available at The Journals of Gerontology, Series A: Biological Sciences and Medical Sciences online.
Funding
This work was supported by the National Institute on Aging at the National Institutes of Health (research grant R01AG033094).
